ABSTRACT Objectives: To explore public knowledge of, and interest in, learning more about medicines R&D in six European countries.
Results:
The survey was completed by 6931 members of the public, over 75% of whom reported having no or less than good knowledge of medicines R&D. Males were more likely than females to report good knowledge (17% vs 15%), and knowledge appeared to decrease with age. Those who were currently or had previously been involved in medical research were almost five times more likely to report good knowledge of medicines R&D overall (43% vs 13%). Participants reported good knowledge of medicines safety and clinical trials but little knowledge of pharmacoeconomics. They were most interested in learning more about medicines safety and personalised and predictive medicine and least interested in pharmacoeconomics. Older people, women and respondents with current good knowledge of medicines R&D were most interested in learning more about medicines R&D.
Conclusions: Experience of medical research appears to play a key role in increasing public awareness of and future interest in medicines R&D. Some groups may need to be specifically targeted to increase their awareness of medicines R&D, for example, women expressed great interest in learning more but reported less knowledge than men. It may be useful to explore further the views of those who are currently uninterested in learning more.
BACKGROUND
In recent years, the importance of involving patients and the public in their healthcare has been increasingly recognised. 1 The increased accessibility of healthcare information, availability of technology and growth in self-management of health problems have led to better informed patients more willing to contribute to their care. 2 Patient and public involvement (PPI) has also become increasingly undertaken within healthcare research as evidenced by the growth in accounts of PPI in the literature. 3 The pharmaceutical industry has also recognised the importance of PPI in medicines R&D and the need to make the medicines R&D process more patient-centred. In a recent survey, 73% of pharmaceutical industry workers believed that industry needs to change from being providers of medicines to working with patients to improve their health. In the same survey, 85% of respondents believed that the best approach to Strengths and limitations of this study ▪ The survey used a robust quota sampling method which ensured that a good cross-section of the adult population in each country was covered.
▪ Findings are mainly generalisable to Western
Europe as the only Eastern European country included was Poland. ▪ The survey explored participants' self-reported knowledge, and so one explanation for the low knowledge reported may be that respondents were unaware of what they did and did not know about medicines R&D. ▪ Public knowledge of medicines R&D was low but enhanced if respondents were currently or had previously been involved in medical research. ▪ One of the few studies conducted to explore the public's knowledge of and beliefs about medicines R&D.
securing the sustainability and profitability of the pharmaceutical sector was increasing the patient centredness of its processes. 4 Patients are believed to increase the usefulness and sustainability of medicines R&D, by promoting innovation and providing new insights and solutions. 5 In recent times, the pharmaceutical industry has faced a number of challenges which have highlighted the need to increase the sustainability of medicines R&D. A key challenge has been the need to develop more complex medicines for diseases for which there is a significant unmet need. This issue has arisen partly due to the expiration of patents of a number of widely used prescription medicines. 6 Therefore, medicines R&D has become more complex and costly, with fewer new medicines being brought to market, higher prices for those that are introduced and difficulties with medicines access for some patients. 7 Although increasing PPI in medicines R&D is likely to be important to its sustainability, it is also important to note that other approaches are also likely to be beneficial, for example, working with other external stakeholders.
Little existing research has explored the public's knowledge of and interest in medicines R&D; instead, it has focused either on the relationships between patient organisations and the pharmaceutical industry, 8 9 or on public opinion on the pharmaceutical industry's reputation. 10 We identified one survey that found that consumers had little understanding of medicines R&D and the costs involved. The study concluded that increasing public understanding of medicines R&D may increase public trust in the pharmaceutical industry.
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As little existing research has explored public knowledge and understanding of medicines R&D, it is likely that useful lessons may be learnt from research exploring public knowledge of clinical research, as clinical trials are an important part of medicines R&D. A UK survey found that just 21% of the public were aware that clinical research was a core part of NHS work. 12 The study concluded that low public awareness may result from a lack of good quality information on clinical research and could impact negatively on research participation and involvement. Another UK survey found that although the public were broadly aware of clinical trials, very few had detailed knowledge, and an important motivation for increasing knowledge was if they (32%) or a family member (46%) had been recently diagnosed with an illness. However, within this survey, 61% were interested in learning more about medicines and treatment development. Finally, within this study, a lack of public awareness and understanding of clinical trials was identified as a barrier to more active involvement. 13 The importance of increasing PPI in, and the public's knowledge of, medicines R&D has been recognised by the European Commission and the Innovative Medicines Initiative in their funding of the European Patients' Academy on Therapeutic Innovation (EUPATI) project between 2012 and 2017 (http://www. patientsacademy.eu).
14 EUPATI aims to increase PPI in and public knowledge and understanding of medicines R&D across Europe. EUPATI is a consortium project, led by the European Patients' Forum, with 30 project partners across Europe from patient organisations, academic institutions and pharmaceutical companies.
EUPATI aims to increase public knowledge and understanding of medicines R&D (1) to help the public communicate more effectively with health professionals about new medicines; (2) to increase public understanding of the decisions made regarding the cost and availability of new medicines; and (3) to increase public knowledge and awareness of medicines R&D to facilitate future active involvement.
To fulfil its aims, EUPATI is developing a training course which aims to increase patient experts' capacity to become actively involved in medicines R&D, a toolkit for patient advocates to facilitate dissemination of medicines R&D information to patients, and an online library of medicines R&D information for the public.
A key element of EUPATI has been a programme of social research exploring patients' and the public's information needs and beliefs regarding medicines R&D, the findings from which have informed the development of the education and training materials. The survey reported here forms an important part of this work. The survey was conducted in six European countries to explore the views of Europeans about these issues.
AIMS AND OBJECTIVES
To explore within Great Britain (GB), France, Spain, Italy, Poland and Germany: 1. The public's knowledge of and interest in learning more about medicines R&D; 2. How knowledge and interest varies by demographic factors, country and current or previous involvement in medical research.
DESIGN AND METHODS

Survey administration
An online survey of the public was conducted in GB, France, Germany, Italy, Spain and Poland. These countries were selected as they represent the six most widely spoken mother tongues in Europe. 15 The survey was administered as part of an omnibus survey in each country. An omnibus survey is a survey design where data on a wide variety of topics are collected using the same questionnaire. Therefore, participants answer questions that have been added by a range of different organisations and on a range of different topics. The organisations then share the common demographic data from the survey. 16 Sampling Survey participants were recruited from online research panels maintained by ICM Research in each country.
The panels consist of adults aged 18-64 years (18-65 plus in GB) who have given their explicit permission to be contacted about surveys. The size of the research panels ranges from 1.4 million to 33 000 people. Panel recruitment is constant to ensure that panels are representative of the demographics of the relevant countries. Panellists are recruited using a range of online and offline methods, for example, postal invitations and email and advertising campaigns are run periodically to target hard-to-reach groups.
A quota sampling approach was used to identify participants, with quotas being set according to national census data on age, gender and government region of each country surveyed. The final data set was weighted according to these factors to enable the study to be considered representative of the internet-using participants of 18-64 years living in these countries.
Respondents were selected using their profile criteria and the quotas that had been set for the project and then contacted by email. After the quotas and required sample size were reached, the survey was closed. The quota for all countries was 1000 apart from GB, where it was 2000. This was due to the needs of other research clients contributing questions to the GB omnibus.
Questionnaire development and translation
The questionnaire was developed by brainstorming within the research team, reference to existing research literature and by collaboration with related EUPATI work programmes. The questionnaire was then tested with five volunteers using cognitive interviewing. 17 This involved exploring if questions were interpreted as intended and highlighted any repetition or the need for further explanations. The questionnaire was modified following this process and the final version was forward translated into the relevant languages from English by ICM Research (see online supplementary data 1). A back-translation check was undertaken by the translation support within the EUPATI consortium.
The questionnaire began with a preamble to the study and to EUPATI. Respondents were given the option to opt out of the survey if they wished. The questionnaire covered (1) current or previous involvement in medical research; (2) knowledge of medicines R&D; (3) interest in learning more about medicines R&D and (4) preferences for information sources and channels.
DATA ANALYSIS
Data were managed and analysed using EXCEL and SPSS. Cronbach's α was calculated for the questionnaire items.
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Respondent characteristics-The characteristics of respondents were described (age, gender and involvement in medical research) and the relationships between these factors were explored using unadjusted ORs, Cochran-Mantel-Haenszel χ 2 tests and p values.
Current knowledge of and interest in learning more about medicines R&D Respondents' reported knowledge of and interest in learning more about medicines R&D overall and of a range of aspects of medicines R&D was explored. Current knowledge of and interest in learning more about aspects of medicines R&D was ranked according to the percentage of respondents who reported good/ very good knowledge of a particular area. When percentages were identical, they were assigned the same rank several times and the next lower rankings were skipped. When comparing responses by country, the over 65s were removed from the analysis as they were only included in GB. Knowledge of and interest in learning more about each aspect of medicines R&D was compared across countries using Pearson's χ 2 tests. We used a relatively simple approach to ranking the data, as currently little is known about the public's knowledge of medicines R&D, and so we felt that ranking the individual areas of medicines R&D within each country would be the most informative approach and in line with the aims of this study. We appreciate that there are other approaches to ranking which involve developing rankings on the basis of a number of variables, 19 20 but such rankings are likely to be influenced by the choice of variables used to develop the indicator.
Unadjusted ORs, Cochran-Mantel-Haenszel χ 2 tests and p values and multivariate analysis (logistic regression) were used to explore the relationships between (1) current overall knowledge of medicines R&D and age, gender and experience of medical research, and (2) future interest in learning more about a range of aspects of medicines R&D and age, gender and previous experience of medical research. Multivariate analysis was also undertaken to explore the relationship between interest in learning more about medicines safety and age, gender, previous experience of medical research and having good current overall knowledge of medicines R&D.
RESULTS
In total, 6931 members of the public completed the questionnaire. There were no exclusions due to missing data, and so the data included in this analysis were complete. The quota of 2000 respondents was not reached in GB due to the required closure date for the survey in GB, which was an operational issue for ICM.
Cronbach's α was calculated for two nine-item scales within the questionnaire: (1) knowledge and (2) interest in learning more about medicines R&D.
Cronbach's α for both scales was 0.95, indicating that each scale had a high degree of internal consistency.
Demographic characteristics of the sample The age profile of survey respondents was broadly representative of the age profiles of the countries studied, for example, a smaller percentage of participants of 18-24 years compared with other groups 21 (table 1) . Just 6% of respondents were over 65 as this age group was just included in GB. There was an equal distribution of men and women.
Current or previous involvement in medical research
Current or previous involvement in medical research ranged from 8% to 10% across all countries apart from Germany, where it was 4% (table 1). The difference between countries regarding medical research involvement was significant at the 1% level (χ 2 =45.0; df=5; p<0.001).
Current or previous involvement in medical research appeared to decrease with age, with participants of 18-24 and 25-34 years being most likely to report involvement (20% and 24%, respectively). Men were more likely than women to report current or previous involvement (58% vs 42%, OR=1.51, CI 1.27 to 1.80; see online supplementary data 2).
Current knowledge of medicines R&D
Respondents' current overall knowledge of medicines R&D and its specific aspects was ranked according to the percentage of respondents reporting good/very good knowledge of each aspect (table 2) . Respondents ranked their knowledge of medicines safety highest in all countries apart from France, where it ranked third. Knowledge of clinical trials was also highly ranked in all countries (1st, 2nd or 3rd) apart from Spain, where it ranked seventh. Finally, the lowest ranked area was pharmacoeconomics (ranked 8th, 9th or 10th in all countries).
For all aspects of medicines R&D, the differences between countries in the percentage of respondents reporting good/very good knowledge was significant at the 5% level.
However, it is important to note that the percentage of respondents reporting good/very good knowledge of medicines R&D was relatively low, ranging from 30% for medicines safety in Italy to a minimum of 11% for pharmacoeconomics in Poland.
Demographic influences on overall medicines R&D knowledge Gender Just 17% (590/3385) of men and 15% (542/3546) of women reported good knowledge of medicines R&D overall (OR=1.17,CI 1.03 to 1.33; table 3). Over threequarters of men and women reported less than good knowledge of medicines R&D.
Age
Over three-quarters of all age groups reported less than good knowledge of medicines R&D overall, but as age increased, reported knowledge appeared to decrease from 19% in those aged 18-24 years to 11% in those aged 65 years and older (OR=0.54, CI 0.38 to 0.76). Table 1 Demographic characteristics of survey sample by country
GB Base=1931
France Base=1000
Spain Base=1000
Italy Base=1000
Poland Base=1000
Germany Base=1000
All Base=6931
Pearson's 21% (212) 26% (264) 23% (232) 24% (239) 19% (190) 21% (1450) 35-44
19% (365) 23% (231) 25% (247) 25% (253) 20% (198) 27% (267) 23% (1561) 45-54
17% (330) 22% (222) 20% (200) 21% (208) 24% (236) 23% (230) 21% (1426) 55-64
15% (288) 19% (189) 16% (163) 19% (189) 15% (149) 18% (183) 17% ( 9% (94) 8% (75) 4% (40) 8% (536/6528) 36.9; df=5; p<0.001 GB, Great Britain; NA, not available; N/M, not measured; NS, not significant.
Table 2
Current knowledge of medicines R&D by country
GB* Base=1528
All Base=6528
Pearson's In multivariate analysis, the most significant predictor of reporting good/very good knowledge of medicines R&D was experience of medical research, with those with experience being approximately five times more likely to report good/very good knowledge than those without. Older age was related to being less likely to report good/very good current knowledge of medicines R&D. However, the R 2 was just 0.04, suggesting that the included variables explained a low percentage of the variance (see online supplementary data 4).
Interest in learning more about particular areas of medicines R&D Across the whole sample, respondents expressed the greatest interest in learning more about medicines safety (49%) and personalised and predictive medicine (47%; table 4).
Respondents' reported interest in learning more about aspects of medicines R&D was ranked and compared within and across countries. Interest in learning more ranged from 29% ( pharmacoeconomics-GB and France) to 58% (medicines safety-Italy).
Medicines safety was ranked first in all countries apart from GB, where it was ranked third. Respondents also reported high levels of interest in personalised and predictive medicine (ranked first to fifth in all countries) and the lowest levels of interest in learning more about pharmacoeconomics (ranked 9th in all countries).
For all aspects of medicines R&D, the difference between countries in the percentage of respondents interested in learning more about each aspect was significant at the 5% level.
Interest in learning more about medicines R&D: demographic influences Age There were significant differences between age group and interest in learning more about all aspects of medicines R&D (see online supplementary data 3). Those aged 65 years and older were most interested in learning more about medicines safety (54%), patients' roles and responsibilities (54%), personalised and predictive medicine (51%) and regulation (41%). Younger people appeared to be more interested in personalised and predictive medicine (46%; see online supplementary data 3).
Gender
Women expressed greater interest in learning more about all aspects of medicines R&D than men (figure 1). This difference was significant for all aspects. However, the areas of interest for men and women followed the same pattern with both being most interested in learning more about medicines safety and least interested in pharmacoeconomics.
Interest in learning more about medicines R&D-influence of experience of medical research Previous or current involvement in medical research was related to greater interest in learning more about all aspects of medicines R&D (figure 2), with those with experience of medical research being around twice as likely to be interested in learning more about all aspects of medicines R&D than those without experience.
As medicines safety was the area of medicines R&D that respondents were most interested in learning more about, the relationship between interest in learning more about medicines safety and gender, age, experience of medical research and current knowledge of medicines R&D was explored. For all age groups, reporting good/very good current knowledge of medicines R&D was a significant predictor of being interested in learning more about medicines safety. Those reporting good/very good knowledge were approximately four times more likely to be interested in learning more about medicines safety. Younger age groups and men were less likely to be interested in learning more about medicines safety.
When other variables were taken into account, previous experience of medical research was not a significant predictor of future interest in learning more, although those with previous experience were slightly more likely to express interest in learning more about medicines safety (see online supplementary data 5).
DISCUSSION
Reported knowledge of medicines R&D was low with over three-quarters of respondents reporting less than good overall knowledge of medicines R&D (table 3) . Knowledge was similarly low when specific aspects of medicines R&D were considered, with at most 30% reporting good knowledge of any area (medicines safety in Italy; table 2).
One explanation for respondents' low knowledge may have been that the survey explored self-reported knowledge, and so respondents may have been unaware of their true knowledge levels. Perhaps if other research methods had been used to explore knowledge, for example, qualitative methods, then respondents may have described greater knowledge. Another explanation could be that this was a survey of the general public, and so many respondents were likely to be well and less interested in clinical research. 13 Finally, the low knowledge reported may reflect a lack of existing high-quality information for the public on medicines R&D.
In all countries, respondents reported the greatest knowledge of medicines safety, drug discovery and clinical trials, and the least knowledge of pharmacoeconomics and regulation (table 2) . This may indicate the extent to which these topic areas are currently discussed in the media. Respondents may report more knowledge of medicines safety as they may believe it to be more personally relevant, for example, if they are taking medication, and of clinical trials as this may be the aspect of medicines R&D that they are most familiar with, albeit from few high-profile trials with controversial results.
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Respondents may have reported less knowledge of pharmacoeconomics and regulation as in the past these areas may have been poorly communicated to the public, although efforts are now being made to improve communication and involve patients more in regulation. 23 As described earlier, PPI in medicines R&D is becoming increasingly important; however, the percentage of respondents reporting good knowledge of patients' roles and responsibilities within medicines R&D was low at 15-20% (table 2) . One explanation for this may be the low levels of research experience reported by respondents, that is, experience of participation in clinical trials may increase the public's knowledge of clinical trial processes. 24 It may also reflect a lack of interest discussed earlier. Finally, although there are a number of good examples of patient involvement in medicines R&D, for example, HIV and rare diseases, it is reasonable to say that patient involvement is currently not widespread or well communicated within the pharmaceutical industry. 25 Therefore, the wider public may be unaware that patients and the public can become involved in medicines R&D.
When considering increasing public knowledge of medicines R&D, it may be important to consider that the public's previous experience of medical research appears to be related to both their current knowledge and interest in learning more (table 3 and figure 2) . Further qualitative work to explore this may be useful.
Influence of age, gender and experience of medical research on overall knowledge of medicines R&D Young people and men reported greater overall knowledge of medicines R&D (table 3) . This may be because these groups are more likely to have previously participated in medical research, and their previous experience may have increased their confidence in their knowledge. 24 Older people and women were less likely to report good knowledge, which may be a by-product of the long-standing under-representation of these groups in medical research. 26 27 Interest in learning more about medicines R&D Interest in learning more about specific aspects of medicines R&D ranged from 49% (medicines safety) to 33% ( pharmacoeconomics; table 4). In all countries, respondents were most interested in learning more about medicines safety, personalised and predictive medicine and drug discovery, and least interested in pharmacoeconomics and regulation.
There were limits to the public's interest in learning more about medicines R&D, which may need to be taken into account when developing public information, or when considering how to stimulate interest in this area.
Interest in medicines safety may reflect concern about side effects and that all members of the sample are likely to have taken medicines at some point. Interest in personalised and predictive medicine may reflect the recent expansion of press and television coverage of these areas or, in the case of this survey, reports of Angelina Jolie's healthcare decision regarding her genetic risk of breast cancer may have raised awareness, as this was a prominent story at the time this survey was administered (May/June 2013). 28 Respondents reported fairly low levels of interest in learning more about clinical trials (table 4) . This may be because they felt that they had enough knowledge about clinical trials already. However, for some members of the public, their exposure to clinical trials information may primarily come from negative media stories which may have influenced their willingness and interest to learn more. 22 Finally, it may also reflect the general population nature of this survey, as many respondents were likely to be healthy and perhaps unlikely to consider it important to learn more about clinical trials. Figure 2 Relationship between interest in learning more about medicines R&D and previous experience of medical research, N=6931 (HTA, health technology assessment).
Table 4
Interest in learning more about medicines R&D and its specific aspects by country
GB* Base=1528
Germany 1000 All Base=6528
Pearsons' Influence of age, gender and experience of medical research on interest in learning more about medicines R&D In univariate analysis, women and older people expressed the greatest interest in learning more about medicines R&D, despite, or perhaps because, they also reported the lowest knowledge levels (see online supplementary data 3 and figure S1 ). These findings may also reflect a greater interest, contact and familiarity with healthcare among these groups. 29 Conversely, despite being more confident of their knowledge of medicines R&D, men and younger people expressed less interest in learning more. They may have felt that they had gained enough knowledge from their existing experience of medical research. Nevertheless, across the whole sample, experience of medical research appeared to be associated with a greater desire to learn more ( figure 2) . In multivariate analysis, the most powerful predictor of interest in learning more about medicines safety was currently good/very good overall knowledge of medicines R&D, which perhaps emphasises the importance of developing good approaches to informing the public about this area. Good knowledge of medicines R&D was also found to be related to experience of medical research participation (see online supplementary data 5). Therefore, as more people become involved in medical research, this may help to increase overall public knowledge and interest in this area. Current knowledge of medicines R&D may therefore have been low as at most 10% of respondents reported experience of medical research (table 1) .
Discussion of methodology
The survey used a robust quota sampling method, ensuring that a good cross-section of the adult population in each country was studied. Nevertheless, apart from Poland, the included countries were mainly in Western Europe, and so the findings are not generalisable across all of Europe.
This was an online survey, completed by those who were familiar with the internet and had chosen to join online research panels. Internet penetration in 2013 was 83% in France, 86% in Germany, 90% in the UK, 75% in Spain, 65% in Poland and 59% in Italy. 30 Therefore, in France, Germany and the UK, it is likely that the survey panel was broadly representative of the population; however, in Spain, Poland and Italy, the digital divide may have impacted on sample representativeness.
Lay definitions for all aspects of medicines R&D were developed and tested using cognitive interviewing. 17 Nevertheless, as the survey was administered online, it was impossible to identify how participants were interpreting the definitions on a wider basis.
CONCLUSIONS AND IMPLICATIONS
This study has a number of implications both for the EUPATI project and beyond.
First, public interest in medicines R&D was greater than public knowledge, which suggests that attempts to increase public knowledge will be welcomed. However, there are limits to public interest because at most 60% of respondents were interested in learning more about a particular aspect of medicines R&D. Therefore, EUPATI may have a role in stimulating the public's interest in medicines R&D. Second, having previous experience of medical research appeared to either increase both current knowledge or interest in learning more about medicines R&D or may mean that a person approached is more likely to consent to participate in medical research. However, raising awareness of medicines R&D should be focused on fostering informed choice regarding participation and involvement rather than on increasing trial recruitment. Third, existing patterns of trial recruitment may impact on knowledge and future interest in medicines R&D, that is, there are groups who are currently under-represented in clinical trials who may be very interested in learning more, such as women and older people. Fourth, patients' and the public's awareness of many aspects of medicines R&D may be so low that they may not feel they have a need to learn more.
Finally, without increasing patients' and the public's knowledge and awareness of their roles in the medicines R&D process, it will be challenging to facilitate their more active involvement in the medicines R&D process.
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